ABSTRACT A case-control approach has been used to examine mortality from five cancersoesophagus, pancreas, cutaneous melanoma, kidney, and brain-among young and middle aged men resident in three English counties. The areas studied were chosen because they include major centres of chemical manufacture. By combining data from 20 years it was possible to look at local industries with greater statistical power than is possible using routine national statistics. Each case was matched with up to four controls of similar age who died in the same year from other causes. The occupations and industries recorded on death certificates were coded to standard classifications and risk estimates derived for each job category. Where positive associations were found the records of the cases concerned were examined in greater detail to see whether the risk was limited to specific combinations of occupation and industry. The most interesting findings to emerge were risks of brain cancer associated with the production of meat and fish products (relative risk (RR) = 9.7, 95% confidence interval (CI) 2-6-36-8) and with mineral oil refining (RR = 2-9, CI 1 2-7-0), and a cluster of four deaths from melanoma among refinery workers (RR = 16-0, CI
Occupational mortality statistics for England and Wales have been published since 1855 and are a well established method of monitoring industrial health hazards. Their value is limited, however, by the poor specificity of many of the occupational categories analysed. A fitter in a chemical works is exposed to known and potential hazards quite different from a fitter in a textile factory but both are classed together in the conventional method of analysis used by the Registrar General. Possibly other methods of examining occupational mortality data might shed light on hitherto unrecognised problems.
We have used the case-control approach to look at five cancers-oesophagus, pancreas, cutaneous melanoma, kidney, and brain-for which the a priori evidence of occupational aetiology was relatively limited.1`3 Our aim was to generate clues to new occupational risks of cancer and our method differed from that of most previous mortality analyses in several important respects. Firstly, we concentrated on deaths occurring in geographically localised areas selected because they are centres of certain "suspect" Accepted 24 November 1986 industries, in particular chemical manufacture. This meant that we could look at associations between cancer and employment in these industries with greater statistical efficiency. Secondly, we included information about industry as well as occupation in our analysis and, thirdly, we restricted our attention to cancers occurring before the age of 55. The advantage of focusing on the younger age groups is that occupational data from death certificates are likely to be more complete and certified causes of death more accurate. Also, it appears that for certain known industrial carcinogens-for example, bischloromethyl ether4-the risk of cancer is highest and therefore most easily demonstrable in young people.
Material and methods
The area studied comprised the pre-1974 local authorities listed in table 1, and is roughly equivalent to the modern counties of Cleveland, Humberside, whole. Almost 10% of the male workforce was employed in chemical production, in particular general chemicals (6-4%), soap and detergents (0 8%), fertilisers (0-6%), synthetic resins and plastics (0-6%), Table 3 shows the number of cases and controls for complete for cases than controls. (1 5-4 5) loal and petroleum products [1] [2] [3] [4] [5] [6] [7] [8] (0-2-20-1)
'hemicals and allied industries
(0-2-4-3) hipbuilding and marine engineering [2] [3] (1-0-5-1)
) eather, leather goods, and fur
'aper, printing, and publishing [3] [4] [5] [6] [7] [8] [9] (1-4-10-3)
(0-8-1-8) Jas, electricity, and water 2-1 (0-9-4-8) (0-5-1-7)
'ublic administration and defence 0-7 (0-4-1-4) [1] [2] [3] [4] [5] [6] (0-9-2-7)
Then the relative risk was zero or infinite the numbers of cases and controls from the industry are given.
-Implies no cases or controls worked in the industry. The When the relative risk was zero or infinite the numbers of cases and controls from the occupation are given.
-Implies no cases or controls worked in the occupation. The figures for "inadequately described occupations" are based on six cases and 23 controls for oesophageal cancer, three and 18 for pancreatic cancer, one and 13 for melanoma, 0 and 12 for renal cancer, and seven and 55 for brain tumours.
We then examined the more specific categories known as industrial and occupational units and where associations of interest emerged we looked to see whether the risk applied to particular combinations of occupation and industry. The salient features of this analysis are presented below for each cancer in turn.
CANCER OF THE OESOPHAGUS
Oesophageal cancer occurred more frequently than expected in the industrial order "paper, printing, and publishing" (RR = 3-9, CI 1410-3). More detailed examination of the data, however, indicated that the eight cases were scattered throughout the industries in the group; manufacture of paper and board (2), production of packaging (2) , newspaper printing (2), and other printing (2) .
Ten cases worked in shipbuilding (RR = 2-3, CI 1 0-5* 1) but they were not concentrated in any one occupation.
Seven cases were employed in the electricity industry (RR = 3-4, CI 1 2-9-3) but again they had held a variety of different jobs.
An association with sea transport (RR = 2-5, CI 1-.06-4) was due to a cluster of cases among both seamen (RR = 3-2, CI 0 9-11.9) and their officers (RR = 2-6, CI 0.7-9.2).
There were no statistically significant associations with occupational orders but nine cases worked as crane operators or slingers (RR = 5-8, CI 2-1-16-3), including four in the iron and steel industry.
CANCER OF THE PANCREAS
Mortality from pancreatic cancer was high in the industrial order paper, printing, and publishing (RR = 2-2, CI 1 *0-5 1) due largely to a cluster of five cases employed in the production of paper and board (RR = 4-8, CI 1-3-18-1). Their occupations were traffic controller, fitter (two cases), electrical planning engineer, and machine tender.
Occupation andfive cancers: a case-control study using death certificates An association was also found with the industrial unit "dealing in coal, oil, etc" (RR = 7.3, CI 1.3-39.9) but closer scrutiny of the cases' occupational records suggested that a common underlying cause was unlikely.
Among the occupational orders, "food, drink, and tobacco workers" showed the clearest excess of pancreatic cancer (RR = 2-0, CI 1 0-4 0). Five cases (v seven controls) were butchers and five cases (v seven controls) had worked in fish shops or as fish filleters.
A high relative risk was found for "packers, labellers, and related workers" (RR = 5 1, CI 1.1-22.9) but the industrial activities of the cases had little in common.
CUTANEOUS MELANOMA An association with the industrial order "coal and petroleum products" (RR = 8-0, CI 1-5-43-7) arose from a small cluster of deaths among men employed in mineral oil refineries. The occupations of the four cases were process worker/blender, engineer, security officer, and clerk of works.
Two other industries showed associations with melanoma-road haulage contracting (RR = 15-2, CI 1-7-136-0) and port and inland water transport (RR = 4-1, CI 1l1-15 5) but the occupations of the cases did not point to an underlying cause.
An increased risk of melanoma in "furnace, forge, foundry, and rolling mill workers" (RR = 3.9, CI 1-0-15-5) could not be attributed to an excess in any one occupation within the order.
CANCER OF THE KIDNEY
Four cases worked in "electrical engineering" (RR = 15 2, CI 1-7-136-0) but came from various industries within the group.
No occupational orders were significantly associated with renal cancer. There was an excess of the tumour among electricians (RR = 2-9, CI 1-0 -83) but not among other electrical and electronic workers. The six electricians with cancer of the kidney came from various industries but none was employed in electrical engineering.
Six deaths from renal cancer occurred in teachers (RR = 5-2, CI 1l5-18-6).
CANCER OF THE BRAIN
Two industrial orders showed a significant excess of brain cancer. The increased risk in coal and petroleum products (RR = 3-5, CI 1-5-8 1) applied to both "coke ovens and manufactured fuel" (two cases v no controls) and mineral oil refining (RR = 2-9, CI 1 2-7-0). Four cases (v four controls) worked as process operators in refineries. In addition, three cases were employed in wholesale petroleum distribution (RR = 10*3, CI 10-1008).
The association with food, drink, and tobacco arose from an excess of brain tumours in "bacon curing, meat, and fish products" (RR = 9 7, CI 2-6-36-8). In particular, seven cases worked in the fish processing and frozen food industry-two filleters, two shift supervisors, one hygiene worker, one wholesale fish merchant, and an accounts clerk.
This partially explains the high rate of brain cancer in the occupational order food, drink, and tobacco workers (RR = 3 9, CI 1 9-8 1), although there was also an excess of brain tumours among bakers (three cases v no controls) and butchers (RR = 19, CI 0-3-104).
"Construction workers" had a relative risk of 2-0 (CI 1 2-3-3) for brain cancer, the association being strongest for bricklayers (RR = 3-8, CI 1-6-9-0) and bricklayers' labourers (RR = 3-7, CI 1-3-10-7).
Other isolated findings were an excess of brain tumours in "managers nec" (RR = 3-0, CI 1 46-2) and "technologists nec" (RR = 3-6, CI 1[3-10-3). In neither instance did the industrial activity of the cases suggest an occupational cause for the association.
The results of the analysis using the job-exposure matrix are summarised in table 6 . Where positive associations emerged, risks were examined in relation to three grades of potential exposure. Only one association was both statistically significant and exhibited a dose response relation. The risk of melanoma in jobs entailing possible exposure to lead and lead compounds (as compared with unexposed jobs) was 1-8 (CI 1-0 -34). Of the 16 cases classed by the matrix as having possible contact with lead, seven were in low exposure jobs (RR = 1-3), eight in the moderate exposure category (RR = 2-2), and one, a compositor, was deemed to have potentially high exposure (RR = 4-0).
Discussion
This survey is subject to certain limitations that are common to all analyses of occupational mortality based on death certificates. One weakness is the inaccuracy of certified causes of death,9 although the frequency of such errors should have been reduced by our concentration on mortality at young ages when clinical investigation is likely to be more thorough.
A greater shortcoming is the inaccuracy and incompleteness of occupational data obtained from death certificates. In England and Wales only the most recent fulltime job is registered and even that may not be adequately described. By adopting the case-control approach we avoided the biases that occur when different sources of occupational information (death certificates and census) are used to derive the numerator and denominator of death 774 Magnani, Coggon, Osmond, Acheson Occupation andfive cancers: a case-control study using death certificates and based on more than three cases. Inevitably, these will include many chance associations, and evaluation requires consideration of data from other studies and the biological plausibility of suggested hazards. The capacity to examine information about occupation in conjunction with industry was therefore an advantage. By concentrating on a limited geographical area and combining data from 20 years we could look at local industries in a way not possible using national statistics. Men employed in the fish processing and frozen food industries (fish is one of the major frozen food products in the study area) would contribute to several occupational units in the Registrar General's analyses of occupational mortality, and the effects of any hazard would be diluted by the inclusion of workers from other food industries in the same categories. The risks of pancreatic and brain cancer found in this group are therefore of particular interest and despite the lack of an obvious carcinogenic mechanism warrant further investigation.
Mineral oil refining is another local industry and was found in association with both melanoma and brain cancer. Unlike the processing of fish and frozen food, the petrochemical industry has been extensively investigated in the past. A risk of melanoma in refinery workers has been reported in one previous study'2 and an increased incidence of brain cancer in four investigations. 13 -16 In a recent review Alderson pooled data from ten cohort studies of the industry and derived a relative risk of 1-16 for cancer of the brain with a 95% confidence interval 1-0-1-3.'
We chose our study area because it included important centres of chemical manufacture and many of the known occupational carcinogens are industrial chemicals. As things turned out, however, the survey did not point to any risks in the chemical industry. This may be because there are no major hazards, or it is possible that even within the limited population studied the effects of a carcinogen have been masked by a large majority of chemical workers not exposed to the compound.
Several of the associations demonstrated concern occupations with a more uniform geographical distribution, and for looking at these jobs our method offers no advantage over larger national analyses of occupational mortality. Thus the increased incidence of renal cancer in teachers and of brain cancer in bricklayers and their labourers must be weighed against the absence of any clear risk in the 1971 OPCS Decennial Supplement on Occupational Mortality." On the other hand, the excess of pancreatic cancer in butchers is supported by an SMR of 156. A cohort study of butchers and slaughtermen is currently being carried out by the Medical Research Council and should provide firmer evidence for or against a hazard.
In addition to the positive associations already discussed several occupations and industries were found to have significantly low risks of cancer.We have not dwelt on these, however, as it seems unlikely that they represent a direct protective effect of the working environment. A few negative associations-for example, the low incidence of brain cancer in labourers (RR = 0-6, CI 0 4-0-9)-may be attributable to correlates of social class, but most are probably spurious.
Application of the job-exposure matrix added little to the analysis. This may be because there are no important associations between the agents included in the matrix and the cancers studied, but the uncertainty with which exposures can be inferred from the limited occupational information recorded on death certificates was a major constraint. For example, among the cases classed as potentially exposed to lead were several chemical process workers and refinery workers, but without more detailed job descriptions it is impossible to be sure which, if any, of these men actually had contact with lead. We are unaware of any previous studies linking lead compounds with melanoma and the association in our survey may well have occurred by chance.
The most interesting findings of the study are those relating to the processing of fish and frozen foods and to mineral oil refining. Whether the demonstrated associations have a biological basis will only become clear with further research. We think, however, that our observations show the potential value of this analytical approach as an adjunct to other methods of examining occupational mortality.
